Objectives: As a part of an ongoing project to develop a nutritional screening tool, we evaluated the performance of a semi-quantitative food-frequency questionnaire (FFQ) in terms of validity in a Sheffield Caucasian pregnant population using two different statistical approaches -the correlation coefficient and the limits of agreement (LOA). The FFQ was designed specifically for pregnant women and previously used in a large-scale study. Design: A validation study. Setting: A community-based field study of a general population of pregnant women booked for their first antenatal appointment at the Jessop Wing, Royal Hallamshire Hospital, Sheffield, UK. Subjects: One hundred and twenty-three women of different socio-economic status, aged between 17 and 43 years, provided complete dietary data. Results: The validity of the FFQ was tested against a series of two 24-hour recalls. As expected, the intakes of all examined nutrients, except for iodine, carotene, vitamin E, biotin, vitamin C and alcohol, were higher when determined by the FFQ than when determined by 24-hour recall. Pearson's correlation coefficient between the two methods ranged from 0.19 (added sugar, zinc) to 0.47 (Englyst fibre). The LOA were broader for some of the nutrients, e.g. protein, Southgate fibre and alcohol, and an increasing lack of agreement between the two methods was identified with higher dietary intakes. Conclusions: The FFQ gave useful estimates of the nutrient intakes of Caucasian pregnant women and appears to be a valid tool for categorising pregnant women according to dietary intake. The FFQ performed well for most nutrients and had acceptable agreement with the 24-hour recall.
Pregnancy is a critical period during which good maternal nutrition is a key factor influencing the health of both mother and child. Maternal nutrition prior to and during pregnancy is of known aetiological importance for the risk of low birth weight (LBW) (birth weight less than 2.5 kg). LBW is a major cause of mortality and morbidity; LBW babies are at risk of neurocognitive and motor development problems 1 and may have an increased susceptibility to cardiovascular disease in later life 2, 3 . An increased risk of having an LBW baby exists amongst mothers who smoke 4 , are of low socio-economic status 5, 6 , have low prepregnancy body mass index (BMI) and/or low gestational weight gain 7 . Poor dietary quality is common among groups of low socio-economic status and several studies have investigated its effect on pregnancy outcome. Various dietary studies of pregnant women have reported dietary differences between different social groups. The results of a study investigating the relationship between financial difficulties and diet showed that difficulty in affording food is associated particularly with lower intakes of protein, fibre, vitamin C, niacin, pyridoxine, iron, zinc, magnesium and potassium 8 .
The Dietary and Nutritional Survey of British Adults
9 demonstrated a range of socio-economic differences in dietary intakes. A study conducted by Darmon et al. 10 investigated the impact of food budget on food selection patterns and dietary quality. The findings suggested that unhealthy eating patterns and nutritional inadequacy observed in persons of low socio-economic status are the result of economic constraint.
Assessment of nutritional risk is complex because there are very few well-validated nutritional screening instruments available in UK and those available are targeted at, for instance, the elderly, athletes or surgical patients 11 -13 . To our knowledge no instruments have been developed and validated for nutritional screening risk in pregnancy. Screening with an appropriate a tool could identify a group of women at nutritional risk in whom interventions may be applied.
The food-frequency questionnaire (FFQ) is a tool commonly used in large epidemiological studies in different contexts, groups and populations 14 -17 . FFQs are designed to assess eating habits and can be used for ranking individuals appropriately, according to their nutrient intakes. An optimal comparison method to assess the validity of the FFQ is the 24-hour recall method. 24-Hour recalls are commonly employed in nutritional epidemiology to evaluate the performance of FFQs, primarily because they do not require subject literacy and produce high levels of specificity. On the other hand, one day is unlikely to be representative of an individual's habitual intake owing to day-to-day variation; therefore two 24-hour recalls could reduce the chance variation between the methods.
In the present paper, as a part of an ongoing project to develop a nutritional screening tool, we evaluate the validity of nutrient and food intakes as estimated by an FFQ compared with dietary information obtained from two 24-hour recalls among a Sheffield Caucasian pregnant population.
Materials and methods

Subjects
The study population consisted of Caucasian pregnant women attending their first antenatal booking visit at the Jessop Wing, Royal Hallamshire Hospital, Sheffield, UK. Women with a gestational age of less than 14 weeks or more than 18 weeks were excluded. Women were also excluded if they did not speak English, or if they had any nutrition-related pre-existing medical conditions such as diabetes or coeliac disease.
Study design
The data collection was carried out from October 2003 to February 2004. The subjects were approached about the study by the researcher in the antenatal clinic and informed consent was obtained. Sociodemographic and anthropometric data were collected using a questionnaire with closed questions. Data collected included height, weight, education level, occupation, partner's occupation, smoking status and any supplement usage. The employment status of the head of the household was used to categorise women into social-class groups in a way similar to that used in the Dietary and Nutritional Survey of British Adults 9 . The FFQ was administered prior to the 24-hour recalls. The same trained nutritionist (T.M.) conducted all the interviews.
Ethical approval
All subjects gave informed consent to participate in the study. The North and South Sheffield Local Research Ethics Committees approved the study protocol.
Dietary assessment methods
Semi-quantitative FFQ
The Sheffield FFQ is an adaptation of the FFQ developed and evaluated by Rogers et al. 18 for the Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC), where the dietary intakes of 11 923 pregnant women were assessed. The ALSPAC FFQ contains 84 quantitative and qualitative questions and was piloted in 110 women in Sheffield, then adapted and revised by eliminating some items found not to be consumed or to be consumed very rarely by Sheffield women, e.g. liver, liver pâté, peanuts and tahini. The revised food list of the FFQ included 62 quantitative and qualitative questions, 40 of which queried about the frequency of consumption of meat, poultry, fish and seafood, common vegetables and fruits, cereals and confectionery. There were also detailed questions about the type and amount of fat, bread, alcohol and milk consumed. Participants were asked to report the frequency of consumption of the food items contained in the FFQ over the 4 weeks prior to administration. The frequency options included: never or rarely, once a fortnight, 1-3 times a week, 4-7 times a week and more than once a day. To increase the simplicity and the inclusion of a wide range of food eaten, no portion size quantification was asked; thus standard portion sizes were assumed throughout.
24-Hour dietary recalls
The reference method was a series of two 24-hour dietary recalls. The first 24-hour recall was collected at the initial interview with the subjects and after administration of the FFQ. The choice of the 24-hour recall was based on the assumption that the response rate would be much higher than that of other dietary assessment methods such as food records 19 . The second 24-hour recall was administered via telephone after a period of 10 -14 days. Statistically significant differences were found between the two recall methods. All subjects were asked to provide telephone numbers and it was emphasised to them that they would be contacted after an appropriate period of time. The date was not specified, as some of the subjects might choose to change their eating habits. For a number of participants weekend dietary information was randomly collected. The foods were recalled chronologically from the previous day. Household measurements were used to estimate portion sizes. At the end of the interview the foods were summarised for the respondent. Mean daily intake was estimated from the two 24-hour recalls.
Analysis of food consumption data
The daily intakes of energy, nutrients and food items obtained from the FFQ were analysed using the Q-Builder 20 Questionnaire Design System (version 1). Q-Builder is a questionnaire design program which incorporates nutritional analysis. It enables generation of any type of open or closed questions; e.g. for the type of food, the type of bread, frequency of consumption, amount consumed. It includes an up-to-date food composition database with the nutrient contents of approximately 5000 foods and a database of portion sizes for 3800 foods. The nutritional analysis of Q-Builder is based on the UK food tables (McCance & Widdowson's The Composition of Foods, 5th edition, plus nine supplements; HMSO, London). Information on food consumption collected by the FFQ is converted by Q-Builder into a list of foods and weights, to generate mean daily food and nutrient intakes. The approximate daily intake was calculated by multiplying the weekly frequency of consumption of a food by the nutrient content of a standard portion. Each one of the frequency options the questionnaire allocated was mapped as follows: never or rarely ¼ 0, once a fortnight ¼ 0.5, 1-3 times a week ¼ 2, 4-7 times a week ¼ 5.5 and more than once a day ¼ 14. A complete set of values for 38 nutrients of interest were calculated. Q-Builder also enables analysis of the qualitative dietary behaviour questions included in the FFQ, such as 'Are you vegetarian?' or 'Do you buy organic foods?'
The daily intakes of energy and nutrients obtained from the mean of the two 24-hour recalls were analysed using the WISP 21 Food Intake Nutritional Analysis System (version 3). WISP is a nutritional analysis program that enables the user to conduct a broad nutritional analysis. The nutritional analysis of WISP is based on the UK food tables (see above).
Statistical analysis
All statistical analyses were performed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). Means and standard deviations (SD) of absolute intakes for energy, macro-and micronutrients were calculated from the FFQ and the 24-hour recalls, as well as the contribution from the main food groups. The relationship between the two dietary assessment methods was assessed by the use of two statistical approaches. First, the Pearson correlation coefficient was used to determine agreement for nutrient and food intakes obtained from the FFQ and 24-hour recalls. The agreement between the two methods was further examined by classification of absolute nutrient intakes divided into quintiles.
Second, an alternative statistical approach based on a graphical technique and simple calculation to assess the agreement between two methods of measurement -the Bland -Altman analysis 22 -was used to assess agreement between the FFQ and 24-hour recall in terms of absolute energy, macro-and micronutrient intakes. This is accomplished by plotting the differences between the two measurements against the mean of the two measurements. The plot of the difference against the mean allows investigation of the potential relationship between the measurement error and the true value. The analysis assessed agreement in individuals, defined as the limit of agreement (LOA;^2SD of the bias).
Results
Of the 130 women invited to participate, 123 (95%) agreed to complete the study; four (3%) refused to participate but reported no reason and three (2%) were excluded from the analysis because of incomplete data. Table 1 presents the anthropometric characteristics of the study population. The mean (^SD) age of the women was 29^6.6 years. The mean (^SD) BMI was 23.1^8.0 kg m -2 and the mean (^SD) gestational age was 15^0.9 weeks. During their pregnancy 14.6% of the women were selfreported smokers. The social class distribution was nonmanual 45.5% and manual 39.0% (Table 2) .
Of the 123 women, 49.6% were nulliparous. Folic acid supplement intake during pregnancy was reported by 95.9%. Some 76.4% of the women reported planning their pregnancies, but only 47.2% reported periconceptional vitamin or mineral usage ( Table 2) .
Nutrient intakes
The mean daily intakes of energy, macro-and micronutrients as assessed by the FFQ and the 24-hour recall are given in Tables 3, 4 and 5. The FFQ reported higher energy and macronutrients intakes except for alcohol. The Pearson correlation coefficients for nutrients estimated by the test and the reference method are also shown in Tables 3 -5 . Highly significant correlations were demonstrated for most nutrients, from 0.19 for Nutrient intakes were divided into quintiles in order to evaluate the ability of the FFQ to rank individuals into the same quintile of intake as the 24-hour recall. Table 6 shows the overall proportion of participants categorised into the same quintile of the distribution of total nutrient intake. An average of 59.2% of intakes by the two methods was assigned to the same quintile. The percentage of participants classified into the same quintile ranged from 48.0% for alcohol to 70.7% for Englyst fibre.
Figures 1 and 2 demonstrate the findings of the BlandAltman analysis for energy and folate, where the average intake from the FFQ and 24-hour recall was plotted on the x-axis and the difference in intake between the two methods was plotted on the y-axis. For most of the nutrients, the plots resulting from the analysis were similar to Figs 1 and 2.
Dietary patterns
The Pearson correlation coefficients for 17 food groups as assessed by the two methods are shown in Table 7 . Positive correlation coefficients ranged from 0.62 (other drinks) to 0.99 (breads). For all food groups except for alcoholic drinks, cheese and biscuits, cakes & puddings, the correlations were significant at the 0.001 level.
Discussion
This validation study was undertaken because of a lack of available instruments to assess the dietary intakes of pregnant women in Sheffield. The study population was a non-random sample, as only women between 14 and 18 weeks of pregnancy were selected for inclusion. The choice of the specific gestational age period was opportunistic because between 14 and 18 weeks the women are attending their first antenatal appointments. The women were much less likely to be affected by nausea and vomiting, which is known to occur in the first trimester and to decrease at the beginning of the second trimester 23 . As shown in published data of other validation studies conducted in populations of pregnant women 24, 25 , there was good agreement for energy and many nutrients. Robinson et al. 26 compared nutrient intakes assessed in a population of pregnant women by an FFQ and a food diary. They suggested that higher intakes estimated by the FFQ might have been due to the portion sizes used in the FFQ being too large or overreporting of the frequency of consumption of foods, or the result of underreporting of consumption of food in the diaries. In a population of lowincome adult women, Goldy et al. 17 reported that nutrients which were significantly overestimated included fibre, calcium, potassium, saturated fat, vitamin C, vitamin D and vitamin E.
The correlation coefficient values observed in the present study were similar and comparable for most of the nutrients to those observed in other validation studies evaluating FFQ performance among pregnant women. However, the findings of our study are not directly comparable with the results of other validation studies in pregnant groups as the result of differences in sample size, ethnic origin, stages of pregnancy and reference method between the studies. Erkkola et al. 27 used a 181-item FFQ and food records as the reference method, and provided mean daily intakes of nutrients and mean daily intakes of foods. Robinson et al. 26 used food diaries and provided data of the contribution of selected food groups to energy, fat, protein and carbohydrate. Suitor et al. 24 used the 24-hour recall as reference method and evaluated the performance of the questionnaire for eight index nutrients. Wei et al. 25 extended the study conducted by Suitor et al. by assessing the validity of the FFQ for 17 additional nutrients. Most of the studies concluded that the FFQ had reasonable validity across a wide range of nutrients and was a useful tool for categorisation of pregnant women according to energy intake.
In the present study we used Bland -Altman analysis to assess agreement between the FFQ and the 24-hour recall and to obtain further information that the correlation coefficient itself cannot provide. A systematic increase in lack of agreement between the two methods was observed with an increase in dietary intake. The scatter plots provided evidence of both under-and overreporting with the FFQ compared with the 24-hour recall. For some macronutrients such as protein, Southgate fibre, alcohol and mono-and polyunsaturated fatty acids, the LOAdefined as the bias (^2SD) of the difference -were wide, unlike for most of the minerals and vitamins analysed. The reason for this is unclear.
The dietary patterns shown in Table 7 were similar between the two dietary assessment methods, but there were some differences between them in the mean contribution made by selected food groups to energy.
The Pearson correlation coefficients showed strong agreement between the two methods.
As expected, variation between actual and self-reported dietary intake has been demonstrated. The effects of some limitations of the 24-hour recall method, e.g. reliance on memory and high day-to-day variation, might have been decreased by the collection of more than two dietary recalls 28 , but time limitations on the research project and the progression of the women's pregnancy and subsequent diet alterations prevented the collection of additional 24-hour recalls. Some other sources of error in this study included portion size estimation and nutritional analysis errors.
An additional issue that might have had an effect on the results was the emotional and psychological status of the mother, e.g. the location where the interview took place, the presence of the partner or other family members. Social acceptability might have affected a number of the participants as they might have overreported fruit and vegetable intake and underreported sweets or alcohol intake. In conclusion, the FFQ showed correlations similar to those obtained in validation studies conducted in other similar groups. Positive correlations between the measurements were observed that ranged from 0.19 to 0.47 for most nutrients and from 0.62 to 0.99 for food groups. No significant correlations were observed for 13 out of 38 examined nutrients, which might be the result of not applying log-transformation on the data, not doing correction for measurement error and finally not doing adjustments for energy intake.
In several validation studies conducted on pregnant women, log-transformation of nutrients has been applied to correct for skewness 26, 27 and others have used nonparametric tests to deal with the problem 29 . In our data, ------± SD Mean difference tests for normal distribution were without skewness in the majority of cases and no corrections were applied. Even though the FFQ suggested greater nutrient intakes compared with the reference method, the validity observed in this study suggests a reasonable ability of the FFQ to rank individuals by levels of intake and that the FFQ is a useful tool in the collection of dietary data.
Future research
Data will be obtained from a larger sample of low-income women and divided into tertiles, in order to address the question of which food items (discriminant foods) of the FFQ make women from a homogeneous social and lifestyle environment have different intakes of key nutrients. Calculation of the mean contribution of each food item from the FFQ to key nutrients, e.g. folate, calcium, etc., will follow and the major sources of each nutrient of interest will be identified. The screening tool will consist of a simple list of discriminant food items and a scoring system similar to those used in the Healthy Eating Index and the Dietary Quality Index will be developed 30, 31 . This will enable health professionals and community staff, such as those working in Sure Start projects with little nutrition assessment training, to administer the screening tool to the majority of low-income pregnant women and identify those at nutritional risk.
